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(57) Abstract 

A hot mix asphalt composition and method are shown in which hydrated lime is added directly to the asphalt binder prior to the 
addition of the asphalt binder to the mineral aggregate constituent of the composition. The lime-asphalt mixture is then added to the mineral 
aggregate. Hie lime component is added to the asphalt binder in an amount which exceeds about 10 % by weight, based upon the total 
weight of asphalt binder in the composition. 
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HYDRATED LIME ADDED DIRECTLY TO ASPHALT CEMENT AS A MULTI- 
FUNCTIONAL MODIFIER FOR ASPHALT MIXTURES 

Description 

Technical Field 

The present invention relates to improvements in the art of making bituminous 
substrates, such as road surfaces, employing hot mix asphalt. 
Background Art 

Asphalt surface course has been used for many years for roadways. The hot 
mix asphalt (HMA) is comprised of sand as one component, an aggregate or mineral 
component, and asphalt. The type of aggregate may vary widely, but may include 
such materials as granite, quartz and limestone materials. Asphalt forms a 
continuous phase and acts as a binding agent for the mineral aggregate. The 
continued preservation of bond between the asphalt and rock or mineral content of 
the composition is necessary to insure a lasting pavement. 

The use of hydrated lime, Ca(OH) 2# to treat the aggregate in HMA is well 
accepted technology to improve the performance of the asphalt/aggregate blend. 
The effects of lime as an anti-strip additive when lime is added directly to the 
aggregate are w ell estab lished Typically t Hry hy^ ra ted lim e is mixed w ith the 
aggregate.! The lime promotes extended mixture life by improving the asphalt- 



aggregate bond and by reducing the susceptibility of the mixture to soften when 
water is absor bed within the mixture.J Amounts used are 1-3% lime based on the 
total weight of HMA. The benefits of lime are believed to be the result of interaction 
between the inorganic aggregate and the organic bituminous asphalt binder. 

While lime has been used by adding it directly to the aggregate prior to the 
addition of the asphalt binder, Applicants' are unaware of any work in which lime 
is added directly to the asphalt binder in quantities sufficient to act as a multi- 
function modifier with the binder then being added to treated or untreated 
aggregate. 

Disclosure of Invention 

In the method of th invention, a hot mix asphalt paving material is prepared 
which contains mineral aggregat material and asphalt binder. A lime component is 
first added directly to the asphalt binder prior to addition of the asphalt binder to the 
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mineral aggregat material to ther by form a lime-asphalt mixture. The lime-asphalt 
mixture is then combined with the mineral aggregate material to form a hot mix 
asphalt. The lim e com ponent is added to the asphalt binder in an amn nnt which 
exceeds about 10% by weight, based upon the total weight of asphalt binder. 
5 Preferably, the lime component is hydrated lime which is added to the asphalt binder 
in the range from about 10% to 20% by weight, based on the total weight of 
asphalt binder. 

An improved hot mix asphalt paving composition is also shown comprising a 
lime-asphalt mixture and mineral aggregate, the lime-asphalt mixture being first 

1 0 formed by adding a lime component directly to an asphalt binder prior to addition of 
the asphalt binder to the mineral aggregate material. The lime component is present 
in the lime-asphalt mixture in an amount which exceeds about 10% by weight, 
based upon the total weight of asphalt binder. 

The addition of selected ranges of hydrated lime directly to the asphalt binder 

1 5 produces significant advantages which are not limited to anti- stripping or moisture 
resistance. Hydrated lime has been found to perform as a multi-functional modifier 
when added directly to asphalt cement. Lime improves the rheological properties 
of the asphalt cement through a filler effect. Furthermore, lime has a physio- 
chemical effect as an additive as it interacts with certain functional groups within 

20 the asphalt cement to inhibit the effects of oxidative age hardening. The physical 
filler effect and the ability of the lime to inhibit age hardening act synergistically to 
improve resistance to low temperature fracture and load-induced fatigue fracture of 
the bitumen. Experimental results show a toughening effect due to lime ad dition to 
the binder at low temperatures. 

25 The addition of lime directly to the asphalt binder at rates of between about 

10% to 20% HL by weight, based on the total weight of the asphalt binder, 
improves the desirable qualities both of the binder and the resulting mixture. 
Applications of the method of the invention include: 1 ) use as a modifier added 
directly to the binder to meet Superpave Performance Grade specifications, 2) use 

30 as a general, multi-purpose additive to improve the performance of recycled 
mixtures, both central plant and cold in-plac . 
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Brief Description of Drawings 

Figure 1 is a graph of a SHRP parameter as a measure of permanent 
deformation potential for different bitumen binders with the addition of 20% HL by 
weight of asphalt binder; 
5 Figure 2 is a graph of the change in viscosity of one HMA composition as a 

function of reaction time and blending time; 

Figure 3 is a graph similar to Figure 2 but showing the results obtained with 
a second HMA composition; 

Figure 4 is a graph of fracture toughness for one HMA composition with the 
10 addition of 20% by weight HL; 

Figure 5 is a graph similar to Figure 4 but with a second HMA composition; 

Figure 6 is a graph of accumulated shear deformation for HMA mixes using 
two different bituminous binders; and 

Figure 7 is a graph of controlled-strain fatigue life comparing HMA's with and 
1 5 without the addition of HL. 

Best Mode for Carrying Out the Invention 

The present invention is directed to improvements in hot mix asphalt (HMA) 
and similar bituminous compositions in which a lime component, preferably hydrated 
lime (HL), is added directly to the bitumen in lieu of to the aggregate. 
20 In the discussion which follows, the terms "lime" and "hydrate" will be taken 
to mean hydrated lime, Ca(OH) 2 . In the production of hydrated lime, limestone or 
calcium carbonate is first heated to remove carbon dioxide. The remaining calcium 
oxide, called quicklime, is a very active chemical. To improve the handling 
characteristics of the quicklime, a controlled amount of water is added to form 
25 calcium hydroxide, commonly referred to as hydrated lime. 



Adding a lime component to the aggregate is commonly done with the 
intention of improving the bond between the aggregate and bitumen, especially in 
the presence of water which has a stronger affinity for the aggregate than the 
bitumen does. Hydrated lime added to the aggregate is accepted as an effective 
30 antistripping agent and has been consider d to have ancillary positive eff cts on the 



asphalt mixt ure. £ 7 " ' 

The mechanism by which HL improves aggregate-bitumen adhesion and 
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moisture sensitivity when the HL is added directly to the aggregate is reasonably 
well understood although some arguments still exist as to the mechanisms 
responsible. It is theorized that the iime decrease the interfacial tension between the 
asphalt and water, thus resulting in good adhesion. It is also thought that the 
5 hydrated lime improves the stripping resistance by interacting with the carboxylic 
acids in the asphalt. This interaction forms insoluble products that are readily 
adsorbed onto the surface of the aggregate. Some studies indicate that strong 
adsorption of calcium onto mineral aggregate surfaces may contribute to bonding 
of asphalt cements with the aggregate. The prior art has generally recommended 

10 that the amount of lime added to the aggregate should be between about 1 .0 and 
1 .5% by weight, based on the weight of aggregate. 

The ability of the HL to provide improved high temperature permanent 
deformation resistance (rutting in the wheel path due to repeated loading) and a 
reduction in the age hardening effects has not been well researched. For example, 

1 5 with regard to rutting, one theory advanced is that the HL acts as a filler. However, 
as will be discussed, to be an effective filler, the HL would need to be added in a 
manner which would promote homogeneous dispersion throughout the bitumen and 
thus provide a reinforcement in the bitumen "film" that encapsulates the aggregate 
particles. This result would not likely occur to any effective degree in current mixing 

20 operations where the HL is added in relatively small weight percentages to the 
aggregate rather than directly to the binder. 

The method of the present invention demonstrates that HL added directly to 
bitumen has a multi-functional effect. The effect which is achieved is more than 
simply that of an antistrip additive. HL was added directly to five different bitumens 

25 (denoted AAB, AD, AAF, AAG and AAM) which represent the range of bitumens 
that would reasonably be encountered in the United States and throughout most of 
the world. Each of the selected bitumens represents a wide variety of bitumen 
chemical and physical properties. The research in the bitumen study concentrated 
on using testing techniques that are now being accepted by the industry as part of 

30 th Strategic Highway R search Program's (SHRP) Superpave protocol. However, 
some non-traditional tests w re also performed. The testing protocol is given below: 
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Test 


Param ters 
Measured 


Purpose of Test 


5 
10 


Series I - Investigation of low 
temperature performance 

IDT - Performed at three low 

tDiYinoratiifoc fnr nno hrwir tn 
lci n pci CllUICO IUI Ul IC HUUI IU 

provide low temperature creep 
compliance on mixtures subject 
to aging (loose mix and 
compacted mix) according to 
Superpave protocol 


Creep compliance 
versus time of 
loading - ultimate 
compliance, rate 

of rhflnnp in 

compliance 


Assess lo temperature 
fracture properties 

(2 replicates for each 

miYtiirn cv/ctom - 1 R 

samples) 


1 R 


IDT - Tensile strength at three 
low temperatures on mixtures 
subjected to aging as described 
above (AAMAS protocol) 


Stress and strain 
at failure 


Assess low temperature 
fracture properties 

(18 samples) 


20 


Series II - Investigation of 
intermediate temperature 
performance 

IDT - creep and tensile strength 
at intermediate temperature 
(20C) to assess fracture 
properties (AAMAS protocol) 


Creep compliance 
versus time of 
lOauing u in male 
compliance, rate 
of change in 
compliance 


Assess intermediate 
temperature fracture 
fatigue properties 

(36 samples) 


25 


Series III - Investigation of 
Perform AASHTO T-283 


Retained tensile 

Qtrftnnth 


Assess effect of HL on 
moisture resistance (18 
samples) 


30 
35 


SERIES IV - Investigation of high 
temperature performance 

Compressive creep performed at 
60C one hour to assess 
permanent deformation potential 
(AAMAS protocol) 


Creep compliance 
versus time of 
loading - ultimate 
compliance, rate 
of change in 
compliance 


Assess effect of HL on 
high temperature rutting 

(6 samples) 












Test 


Parameters 
Measured 


Purpose of Test 


40 
45 


Repeated load (axial loading) 
permanent deformation testing 
at 60C 


Ultimate 
accumulated 
strain, rate of 
accumulated 
strain and slope 
of steady state 
region 


Assess susceptibility of 
permanent deformation 
and the effect of HL 

(6 samples) 




Repeated shear p rmanent 
deformation testing at 60C 


Same as above 


Same as abov 
(6 sampl s) 
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The following summary of the experimental work is divided into three 
sections: high temperature rheology, low temperature rheology and intermediate 
temperature rheology. At high pavement temperatures, asphalt becomes soft and 
susceptible to shoving and rutting. The tests performed evaluated the ability of the 
5 bitumen to withstand the stresses induced in high temperature environments. At 
low pavement temperatures, asphalt becomes hard and susceptible to fracture. This 
is particularly true for asphalt mixtures that have become embrittled due to aging. 
The tests performed at low temperatures evaluate the ability of the bitumen to 
withstand load-induced and environmentally induced stresses at low temperatures. 

1 0 Load-induced fatigue cracking typically occurs at low and intermediate pavement 
temperatures. The test performed at intermediate or average pavement 
temperatures assess the ability of the bitumen to withstand fatigue at average or 
nominal temperatures. The tests were conducted by reacting the bitumens in mass 
with the HL in closed containers in accordance with the previously enunciated 

1 5 testing protocols. 

Evaluation of the Effects of HL on High Temperature Rheology 

HL added directly to the bitumen binder in selected ranges from about 10% 
20 to about 20% by weight, based on the total weight of asphalt binder produces 
several high temperature rheology effects which can be summarized as follows: 

HL added to binders has a very positive filler effect. This effect substantially 
improves high temperature rheological parameters which relate to resistance to 
permanent deformation. 
25 Figure 1 shows how 20% HL by weight asphalt binder dramatically changes 

the SHRP parameter G*/sin 6 which is related to permanent deformation potential. 
A high G*/sin S results in reduced permanent deformation potential. 

Somewhere between 10% and 20% HL by weight asphalt binder is required 
to provide the desired high temperature rheological changes. 
30 The high temperature rheology of HL-filled bitumens is dependent on the time 

and temperature of blending of HL with the bitumen. The process is bitumen 
specific. This finding demonstrates that the interaction between HL and bitumen is 
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likely not simply physical but a ch mical interaction may also xist. 

Figures 2 and 3 illustrate the effect of reaction time at 149oC on HL in 
bitumen AAD to reaction time of longer than five minutes. However, bitumen AAM 
requires a reaction time of about 40 minutes to achieve viscosity equilibrium. This 
5 indicates a physio-chemical interaction unique to specific binders. Note that the 
untreated bitumens are unaffected by reaction time. Since the bitumens were 
reacted in mass in closed containers, oxidative aging should not be a factor. 

Evaluation of the Effects of HL on Low Temperature Rheology 

10 

The findings with regard to low temperature rheology are summarized as 
follows: 

HL increases the low temperature stiffness of bitumens indicating that they 
are more susceptible to low temperature fracture. However, lime added at rates of 

15 12.5% by weight of bitumen and below has a small effect on low temperature 
stiffness and does not significantly affect the slope of the stiffness versus time of 
loading curve determined using the low temperature Bending Beam Rheometer test. 
SHRP research indicates that the slope is more important. 

To evaluate whether the stiffness increase at low temperature due to HL 

20 addition is important, low temperature fracture tests were performed. HL 
substantially improves low temperature fracture toughness. The improved fracture 
toughness and minimal effect on the slope of the stiffness versus time of loading 
curve indicates improved low temperature crack resistance despite the increased 
stiffness. 

25 Figures 4 and 5 illustrate the effect of HL in improving fracture toughness. 

The improved low temperature properties are due to a synergistic effect of 
reduction in the effect of oxidative aging (as all samples are aged to simulate 
pavement aging before testing) and crack pinning, a phenomenon of energy 
dissipation due to microcrack interception by the dispersion of HL particles in the 

30 bitumen. 

Evaluation of Effects f HL n Intermediate T mperature Rheology 
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The filler effect of HL is obvious at all temperatures. However, at low 
temperatures the stiffening effect was proven to be more than compensated for by 
the improvement in fracture toughness. No generally recognized accepted binder 
tests are available by which to evaluate intermediate temperature fatigue 
5 susceptibility. Therefore, the following mixture tests used: direct tensile fatigue 
tests and microcrack healing tests. These tests provided favorable results which are 
discussed in the mixture section. 

HL in Bitumen - Effects on Mixture Properties 

10 

Hydrated lime was added to two bitumens with very different chemical and 
* physical properties. These bitumens are designated AAD and AAM. Mixtures with 
of Watsonvilie granite aggregate and 5.05% bitumen by total weight of the mixture 
were subject to two types of mixture tests: repeated shear permanent deformation 

15 testing and direct tensile fatigue testing. The repeated stress, permanent 
deformation testing was performed to assess rutting potential in the mixtures tested. 
The direct tensile fatigue testing was performed to assess the effect of lime on the 
potential of the mixture to develop fatigue cracking. These are two of the dominant 
distress mechanisms in hot mix asphalt pavements and are responsible for the vast 

20 majority of pavement damage and deterioration. 

Results of Permanent Deformation Testing 

The repeated shear permanent deformation testing was performed at 40oC. 
25 The testing was performed using a testing protocol developed in the SHRP research 
program to simulate the stress state that an asphalt mixture is subjected to under 
a moving wheel load. During the testing sequence the mixture is subjected to a 
constant ratio of axial stress and repeated shearing stresses. 

Tests were performed on HMA mixtures prepared with four different bitumen 
30 binders with and without HL as follows: AAD, AAD 12.5% HL, AAM and AAM 
with 12.5% HL. Three identical samples were prepared for each mixture and the 
mixtures wer subjected to a 20,000# load application. Th tests revealed that the 
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addition of HL reduced th level of p rmanent deformation on average about 300%( 
Figure 6), based on values of ultimate permanent strain after 20,000 cycles. The 
data were considerably variable, however. 

5 Results of Direct Tensile Fatigue Testing 

The purpose of direct tensile fatigue testing was to assess the resistance of 
asphalt mixtures to load-induced (controlled-strain) fatigue testing at intermediate 
(or average annual) pavement temperatures. Identical mixtures of Watsonville 

10 granite and 5.0% bitumen (by total weight of the mixture) were prepared with 
bitumen binders with and without HL as follows: A AD, AAD with 12.%% HL, AAM 
and AAM with 1 2.5% HL. Analysis of the results of controlled-strain fatigue testing 
demonstrated two findings. First, at a given level of stiffness, the addition of HL 
improved fatigue life. Second, the recovery of dissipated energy (responsible for 

1 5 crack healing) after rest periods is enhanced by the addition of HL for mixtures 
subject to age hardening. For a given design stiffness and for a mixtures subject to 
age hardening, the addition of HL appears to enhance the resistance to fatigue 
cracking. 

Figure 7 illustrates typical fatigue results where cycles to failure (Nf) are 
20 compared for untreated and HL treated mixtures at various mixture stiffness. 

An invention has been shown with several advantages. HL is an effective 
multi-functional additive which is effective in improving the high temperature 
performance of hot mix asphalt. 

Hydrated lime added directly to the asphalt binder improves Superpave binder 
25 Performance Grades (PG) by up to two grade levels. Furthermore, low temperature 
experiments demonstrate a toughening effect at low temperatures which improves 
the resistance of the modified binder to low temperature fracture. 

Lime added directly to the asphalt binder shows the potential importance of 
this application in asphalt pavement recycling. The addition of lime reduces the 
30 hardening susceptibility and increases the activation energy of the binder syst ms 
subjected to accelerated aging. 

The effects of adding increased weight percentages of hydrated lime directly 
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to the asphalt binder are also evid nt in mixtur tests. Lime a dded to the binde r at 

rates of b etween a bout 10% and 2 0% by weight, b ased on the total weight of the 

composition, have proven to ^si gnificantly reduce the resistance of mixtures to 

permanent deformation (rutting) when the mixture is subjected to a constant stress 

■ . * 

5 ratio repeated shear deformation test. These results have been demonstrated using 

the Superpave protocol to assess permanent deformation potential. 

Uniaxial tensile controlled strain fatigue tests, performed on mixtures with and 
without the addition of hydrated lime added directly to the binder, demonstrate that 
the lime addition improves the fatigue life of the mixture (resistance to cracking) 
10 when mixtures are compared at a common level of stiffness. 

While the invention has been shown in only one of its forms, it is not thus 
limited but is susceptible to various changes and modifications without departing 
from the spirit thereof. 
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Claims 

1 . In a method of preparing a hot mix asphalt paving material containing mineral 
aggregate material and asphalt binder, the improvement comprising: 

adding a lime component directly to the asphalt binder prior to addition of the 
5 asphalt binder to the mineral aggregate material to thereby form a lime-asphalt 
mixture; 



combining the lime-asphalt mixture and the mineral aggregate material to form 
a hot mix asphalt; and m 




wherein the lime component is added to the asphalt binder in an amount 
1 0 which exceeds about 1 0% by weight, based upon the total weight of asphalt binder. 

2. The method of claim 1, wherein the lime component is hydrated lime. 

3. The method of claim 2, wherein the hydrated lime is added to the asphalt 
1 5 binder in the range from about 1 0% to 20% by weight, based on the total weight 

of asphalt binder. 

4. An improved hot mix asphalt paving composition, comprising: 

a lime-asphalt mixture and mineral aggregate, the lime-asphalt mixture being 
20 first formed by adding a lime component directly to an asphalt binder prior to 
addition of the asphalt binder to the mineral aggregate material; and 

wherein the lime component is present in the lime-asphalt mixture in an 
amount which exceeds about 10% by weight , based upon the total weight of 
asphalt binder. 

25 

5. The composition of claim 4, wherein the lime component is hydrated lime. 



30 



6. The composition of claim 5, wherein the hydrated lime is present in the lime- 
asphalt mixture in the range from about 1 0% to 20% by weight, based on the total 
weight of asphalt binder. 
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